Abstract
Introduction
Natural ecosytems provide essential ecological, socio-cultural and economic values to humans (Constanza et al., 1997; de Groot et al., 2002) . These benefits consist of a mix of goods and services provided by mutlifunctional landscapes which therfore are called "natural capitals of humans" (de Groot et al. 2010) . As often is the case, all these benefits are not fully taken in to account in environmental planning and decison making resulting in the conversion of productive multifunctional landscapes in to single function land use types. Yet increasingly, studies have shown that the total value of multi-functional use of natural and seminatural landscapes is often economically more beneficial than the converted systems. But humans around the world continue to destroy their "natural capital" at the peril of even their own walfare. One main reason behind this destructive behaviour is the under-valuation of benefits of natural and semi-natural landscapes which emanates from the deficiency of the market based economic analysis in expressing the importance of these landscapes in monetary terms (de Groot et al., 2010) . There is still a considerable lack of data on the many functions and values of natural and seminatural ecosytems, thus decisons are continued to be made on the basis of incomplete information. Market failures play major role in driving loss of ecosystems and landscapes because most of the benefit of natural and semi-natural landscapes are seen as non-marketed externalities, which accure to local socities at "at large" and at global scales. Conversion of these landscapes usually only makes narrow economic sense because the benefits from the land use change usually go to private or corporate interest groups while the costs (nonmarketed externalities) are burdened up on a diffused group of multi-stakeholders and future generations (de Groot et al., 2010) . While conversions of natural landscapes to single function sytems may be rational over the short term with respect to public or private policy objectives, over the long term many result in both economic inefficiency and erosion of natural services (Turner and Jones, 1991 as cited in de Groot 2005 ). An effective and sustainable utilization of a given landscape is dependent up on a well informed planning and decison making process that give due empahsis to the regulation functions that provide the necessary preconditions for all other ecosystem functions (de Groot et al., 2010) . In theory the number of regulation functions would be almsot be unlimited but for landscape planning only those regulation functions that provide services which have direct and indirect benefits to humans are considered (such as maintainace of clean air, water and soil, prevention of soil erosion, biological control services). Another set of important functions relate to production of living biomass that humans exploit. The goods and services rendered to humans through these functions are valued in ecological and economic terms (de Groot et al., 2010) . Such valuation estblaishes human utilization of a landscape in a firm footing.
Ethiopia is one of the key country's where a rich assemblage of biophysical resources with very high international and national importance are found. Currently the country is facing recurrent ecological disaster characterised by loss of human livelihood. This paper asserts that the direct cause of natural resource mismanagement is the lack of detailed ecological knowledge in the country at large. To make conservation efforts in the country economically sensible it is important to quantify the functions and services of ecosystems and to clearly express scientifically the benefits accrued by humans through the preservation and operational functioning of natiural systems through man made investments. This principally is the driving hypothesis of the paper that the backbones of the economy of the country are outcomes of the natural systems which until now are preserved by humans. Towards this end the positive explanatory value of cloud wet afromontane forests to patterns of output in agriculture, animal husbandry and water provisions were explored and modelled in this paper.
Study Area
The paper is based on meta data published for food producing regions namely Amhara, Oromiya, Southern Nations and Peoples and Tigray regions in Ethiopia ( Figure 1 ). As depicted in figure 1 , most of the highlands in Ethiopia are forested.
The Amhara administartive region is is located in the northwest, centre and northeast Ethiopia sharing borders with Tigray on the north, Afar in the east, Oromiya on the south, and Benshangul Gumuz on the west (Shimelis et al., 1996) . Annual rainfall ranges from less than 500 mm to over 1,600 mm a year with bimodal pattern to the east of the Nile River valley in Shewa and Wello, and a monomodal pattern to the northwest of the Nile river in Gojam and Gondar. The topography of the region is very variable ranging from lowland around 1,000 m asl at the bottom of the eastern escarpement and in the river valleys rising up to the top of Ras Dejen at 4, 620 m asl. Most of the residents of the Amhara region lead sedentary lives subsiting on agrarian mode of life. In such farms there is substantial activity in animal husbandry. There is a substantail amount of land covered with various vegetation types that qualifies as high importance for conservation. The forests which are the focuses of this study in the region constitute highland afromontane species such as Hagenia abyssinica, Olea europea subsp. cuspidata and Juniperus procera at higehr altitudes with To the north and east of the Southern Nations and Peoples region is found Oromiya, Kenya to the south, and the Sudan and Gambella region to the southwest and west (Shimelis et al., 1996) 
Methods
Published materials (Shimelis et al., 1996; EWNHS 2001; Aulachew et al., 2007) were gleaned through for meta data on crop output, crop output together with productivity and animal husbandry, surface water volume, ground water volume and cover of wet afromontane cloud forests in Ethiopia. The later was used to explain patterns in the former five in a multiple of univariate regression modeling.
As a predictor variable the average area extent of forest patches that delimited areas of IBAs in Ethiopia was used as samples from which an index of forest cover was calculated for each of forested regions. This was used as an explanatory variable in regression of percent crop output for each of the four regions which was calculated from what was published in the literature as the percent difference in productivity of regions relative to the Amhara region. The same was true for the percent index that combined outputs from crop production and animal husbandry. Total volumes of surface water as found in rivers was calculated for the regions and also the same was done for ground water when used in the linear regression modelling.
Results

Contribution of Forest Cover to Regional Crop Output
Patterns in crop output were modeled against cover of wet afromontane cloud forests in Ethiopia (Figure 1) . The best fit of the model explained significantly (P < 0.01) more than 72 % of the variation in crop output across regions which are known to have some level of the type of tropical wet forest. The positive effect of the explanatory forest variable indicated agriculture in the country benefitted hugely from forests and the level of observed effect on crop output can be considered as one of the goods and services provided to humans by forest ecosystems in the country.
Contribution of forest cover regional crop and livestock productivity
The merging of animal husbandry with crop cultivation in the percent index had little reduced effect on the regression model that used forest variable to explain the observed pattern (Figure 1 ). This particular model explained positively with statistical significance (P< 0.01) about 63% of the variation in the data set of the outcome variable. Despite the slight difference between the two models the result showed animal husbandry is also an outcome of forest functions as one of the services rendered to humans. 
Contribution forest cover to surface water volume
Surface water volume, particularly that in rivers, was modeled as an outcome of forest cover (Figure 2) . The explanatory variable predicted significantly (P < 0.01) the volume of surface water by explaining more than 94 % of the observed variation across forested regions of Ethiopia. The positively significant model indicated the amount surface water volume is dependent upon how well regions are covered with forests. 
Contribution of forest cover to ground water volume
The volume of ground water had a pattern of an ascending order as result of increase in forest cover (Figure 2 ). In the model more than 99 % of the variation observed in ground water volume data set was explained significantly at P < 0.01. The result indicated ground water accumulation and the causative recharge are highly dependent on the availability of forest and the magnitude of its cover at a given region.
Contribution of surface water volume to crop output
Modeling percent productivity of crops against surface water volume indicated the latter had significant (P < 0.01) explanatory value (Figure 3 ). In this model crop productivity increased significantly with increases in surface water volume. The best fit of the model accurately predicted 89.9 % of the observed data set.
Contribution of Ground Water Volume to Crop Output
The volume of water in the ground did also have significant (P < 0.01) positive effect on crop output (Figure 3) . The model's best fit represented 76.6 of the observed data set. Contribution Surface Water to crop and livestock productivity 83.2 % of combined crop and livestock productivity was explained positively by volume of surface water in the regions with forest cover (Figure 4 ). In this model the two modes of food production had significant increasing pattern in output along a dimension of increase in surface water volume.
Contribution of Ground Water to Crop and Livestock Productivity
When modeled against ground water volume the output in crop and livestock increased significantly (P < 0.01) with increases in the magnitude of the predictor (Figure 4) . About 68 % of the data variation was explained by the model's best fit. 
Discussion
Ecosystem functions are regulatory processes that sustain the whole natural system itself including species and communities and result in services that enrich human life (de Groot et al., 2002; Badola and Hussien 2005; Sodhi and Ehrlich 2010) . Ecosystem functions that result in to goods and services to humans include those that are regulatory in nature such as a predator's optimal suppression of prey populations which leads to stability in the latter, habitat provision and actually producing the goods and services as extended from de Groot et al. (2002) . The resulting goods and services in simple terms are food, water, and shelter to humans.
The stress or disruption on the functions would substantially reduce the ecosystem goods and services which causes deterioration of the health of human well being (Corvalan et al., 2005) . Despite the fact that detailed small scale data is needed to determine exactly the operational functions of the forests considered in this paper results of the analysis indicated productivity in all dimensions of agriculture are results of the presence and extent of the forests in the four regions. Small scale, but similar findings in forest services by way Mangroves in India were demonstrated as the consequent results of the primary predictor that significant increase in food production was observed when adjacent villages were considered (Badola and Hussien 2005) .
The evident match between forest cover in Ethiopia (Vreugdenhil et al., 2012) and levels of precipitation (Aulachew et al., 2007) across the different parts of the country indicate that the forests play significant role in the maintenance of a healthy climate and the resultant surface and ground water volumes are actually highly interrelated with it. 
